A dequate pain control is an important component of perioperative care. When the Joint Commission recommended making pain the 5th vital sign in 2000, effective postoperative pain management became an important focus for both the medical community and the public and is now a patient-reported outcome that is tracked by many hospitals. 1 In addition to improved quality of life and patient satisfaction, adequate pain control has been linked to better clinical outcomes, including improved wound healing and improved immune function. 2 Opioid medications are currently the standard therapy used in the treatment of postoperative pain; however, the benefits of opioid-based pain control must be considered against its potential risks.
Current data from the CDC suggest that there is an epidemic of overdoses (ODs) from prescribed medications, most importantly opioids. 3 Although many efforts have focused on limiting outpatient access to prescribed opioids, there has been less research evaluating in-hospital ODs due to opioid use. A recent alert issued by the Joint Commission called attention to safe practices for opioid use in the inpatient hospital setting due to high rates of adverse drug events. 4 Indeed, opioids are one of the medications most frequently associated with in-hospital adverse drug events 5 and incidents involving opioid ODs can lead to significant patient injury due to respiratory depression, hypoxic brain injury, and even death. A study of anesthesia-related closed claims for postoperative opioid-induced respiratory depression found that 97% of the adverse events involving opioids were preventable with better monitoring and more timely and effective response by providers. 6 No large cohort study has evaluated the rate of postoperative opioid OD or the outcomes of patients who suffer from these adverse events. In addition, no studies have evaluated patient or hospital factors associated with in-hospital postoperative OD in patients undergoing major elective operations. In order to anticipate and prevent postoperative OD, perioperative health care providers need to be aware of risk factors associated with this potentially fatal complication to ensure that appropriate safeguards and monitoring are used. Therefore, the purpose of this study is to (1) describe the national trends and outcomes of in-hospital postoperative opioid OD after elective major operations and (2) identify predictors of postoperative OD in this patient population. We hypothesize that postoperative opioid OD is more common in patients with greater comorbid disease burden and those undergoing thoracic operations due to their susceptibility to respiratory compromise. In addition, we hypothesize that outcomes including mortality and hospital length of stay will be worse in patients who suffer from postoperative OD.
METHODS

Data Source and Study Cohort
This is a multi-institution cohort study of patients undergoing 1 of 6 major elective inpatient operations from 2002 to 2011. Deidentified data were obtained from the Nationwide Inpatient Sample (NIS) database. NIS was created as part of the Agency for Healthcare From the Research and Quality's Healthcare Research Cost and Utilization Project, and is the largest, all-payer nationwide inpatient administrative database. It contains hospital records from approximately 1000 hospitals across the United States and represents a 20% sample of hospitals across the country. The data set contains hospital and patient-specific information in a representative sample.
Patients included in this study cohort had an elective hospital admission during which a major operation was performed on the day of admission or the following day. Major operation was defined by the NIS procedure code (category 3 and 4) with the international classification of diseases, 9th edition (ICD-9) code in the first 2 procedure coding locations. We then selected a set of common operations across surgical subspecialties: pneumonectomy, lobectomy, colectomy, spinal fusion, coronary artery bypass grafting, hysterectomy, and hip arthroplasty. This operative case mix was selected to sample a wide range of surgical disciplines and include operations affecting different parts of the body. Patients were excluded from the study if they were less than 18 years old.
Variables and Outcomes
We evaluated information on patient, clinical, and hospital characteristics as well as calendar year and geographic location. 799.1Ã) to be included in the OD group. To evaluate the impact of postoperative OD on patient outcomes, we also examined the unadjusted association between postoperative OD and in-hospital mortality, length of stay, and total charges. The total charges reported here are the charges that the hospital billed for serves rendered during the patient's episode of care; they do not reflect the actual cost of services or the amount the hospital received as payment.
Statistical Analysis
Descriptive statistics were reported as percentages for categorical variables; mean and standard deviation were used to describe continuous variables. Univariate analysis using Chi-square and t tests were performed to determine differences between patients who had a postoperative OD and those who did not. Outcomes, including length of stay, total hospital charges, and mortality, are also described and compared between the 2 groups.
After performing the univariate analysis, multivariate logistic regression was used to determine predictors of the primary outcome, postoperative OD. Potential predictors of opioid OD were identified by a group of physicians trained in anesthesia, surgery, and epidemiology. All variables that were deemed important through clinical judgment and available in the NIS database were included in the regression model without further selection. In the end, Charlson comorbidity was excluded from the model due to colinearity with individual comorbidities. The area under the curve was assessed and the Archer-Lemeshow test was performed. 8 A sensitivity analysis excluding patients with a history of substance abuse was performed post hoc to ensure that this strong predictor did not influence the other predictors in our model. In addition, we performed subgroup analyses by age (greater than 65 vs less than 65 years) and operation type to see whether the predictors changed in our model.
Missing data were evaluated and found to be present in <2.1% of the cohort for every variable with the exception of race. Because the race variable was missing at a rate of 20%, race was coded with an independent category of missing race for this analysis to control for its effect. Other observations with missing values were excluded from the analysis. To ensure accuracy of this sample for the country's population, weights representative of national inpatient use are provided by the NIS for adjustment, which were used in this analysis. All analyses were performed using STATA version 14 (StataCorp LP, College Station, TX; a < 0.05).
RESULTS
There were 11,327,416 patients who underwent one of the selected operations between 2002 and 2011. Figure 1 shows the cohort description based on the primary outcome. Fifty-eight percent of patients were under 60 years old, 67.6% were female, and the majority of the patients were of white race (67.7%). The most common operation type in this study was hysterectomy (33.3%) and the least common was a thoracic operation (4.5%). Few patients had a history of substance abuse (1.4%), and 2.7% had a history of renal disease. The overall in-hospital postoperative mortality rate was 0.4% (n ¼ 40,066) and a total of 9458 (0.1%) patients had a postoperative OD during the study period. A full description of patient characteristics of this cohort is summarized in Table 1 . Figure 2 depicts the frequency of postoperative OD over the study period, which increased from 0.6 to 1.1 per 1000 cases per year (P < 0.001). Results of univariate analysis comparing characteristics FIGURE 1. Study cohort selection flowchart.
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Postoperative Opioid Overdose of patients who had a postoperative OD with those who did not are also summarized in Table 1 . Patients who had a postoperative OD were significantly more likely to be of older age and higher income quartile. Figure 3 shows the frequency of postoperative OD by operation type. The highest rate of postoperative OD was seen in the thoracic (pneumonectomy/lobectomy) and spinal fusion operation groups at 1.8 and 1.2 postoperative OD per 1000 cases, respectively. Those who had a postoperative OD had a higher frequency of every type of comorbid disease, except for cerebrovascular diseases (P ¼ 0.32). Patients undergoing operations in more recent years and geographically located in the Midwest or West had significantly higher frequency of postoperative OD. Hospital characteristics, including urban/rural location and teaching status, were not significantly different between the 2 groups. The in-hospital mortality rate was 1.7% and 0.4% for patients who did and did not have a postoperative OD, respectively (P < 0.001). The hospital stay was significantly longer (6.7 vs 3.9 days) and more charges were incurred ($83,655 vs $46,255) for patients who had a postoperative OD than those who did not (P < 0.001).
Unadjusted odds ratios (ORs) are summarized in Table 2 . Patients who were older, white race, and higher income quartile were found to have higher odds of postoperative OD. Patients undergoing elective pneumonectomy or lobectomy had greater odds of postoperative OD than all other selected operations. History of substance abuse [OR 18.4, 95% confidence interval (95% CI): 16.1-21.0], renal disease (OR 4.2, 95% CI: 3.6-5.0), and history of chronic pain (OR 3.5, 95% CI: 2.7-4.5) were the comorbidities with the greatest odds of postoperative OD on unadjusted comparison.
In multivariable logistic regression analysis, significant predictors of postoperative OD were female gender, older age (60 years or older), white race, higher income quartile ($35,000 or higher), thoracic operation (pneumonectomy or lobectomy), and geographic locations of the Midwest or west, as summarized in Table 2 . Several individual comorbidities were predictive of postoperative OD. Specifically, history of substance abuse was the greatest predictor of postoperative OD (OR 14.8, 95% CI: 12.7-17.2) and renal disease was the second greatest predictor (OR 2.9, 95% CI: 2.5-3.4). Hospital factors, including urban/rural status, teaching status, and hospital size, did not predict postoperative OD. The area under the curve of our model was 0.75 and passed the Archer-Lemeshow test (P ¼ 0.59). A sensitivity analysis excluding history of substance abuse from the model revealed similar results to the inclusive regression model, see Appendix 1, http://links.lww.com/SLA/B70.
In addition, subgroup analysis of patients based on age and operation type revealed similar results.
DISCUSSION
This study shows that postoperative OD is a rare complication after major elective operations; however, the prevalence is increasing. Outcomes of patients with postoperative OD are worse than for those who do not suffer from this complication, including a 4-fold higher mortality rate and longer length of hospital stay. In addition, total hospital charges were almost double in patients who had a postoperative OD compared with those without this complication. Although the odds of postoperative OD are higher in patients undergoing thoracic and spinal fusion operations, the greatest predictors of this complication were patient-specific comorbidities. The single greatest predictor of postoperative OD was history of substance abuse; other predictors of postoperative OD included gender, age, race, income status, operation type, comorbid diseases, and geographic location. Interestingly, hospital characteristics, including urban/rural location, teaching status, and hospital size, were not predictive of postoperative OD.
The annual incidence of postoperative OD doubled from 0.6 to 1.1 per 1000 operative cases in this cohort over the study period. This increase in in-hospital opioid ODs echoes the CDC's concern of ODs from prescribed medications overall, which has led to a nation-wide epidemic.
3 No previous studies have described the prevalence of inhospital postoperative OD on a national scale. Previous cohort studies describing complications due to respiratory failure potentially associated with opioid use report a wide range of incidence, between 0.04% and 17%. 6,9 -13 The definition of postoperative OD used in this study allowed us to identify patients who had an adverse event specifically involving opioids. Due to the stringency of our definition and the potential underreporting of these codes in administrative data, our findings are likely an underestimate of the true incidence of this postoperative event. It is important to note that our study was unable to determine why the frequency of postoperative OD is increasing. The most common causes of in-hospital opioid adverse events have previously been reported to be due to medication dosing errors (47%) and improper monitoring (29%). 4 Future analysis of adverse event root causes over time could shed light on changing trends and explain why postoperative OD is increasing.
Our study identified predictors of postoperative OD with a history of substance abuse as the greatest predictor. History of substance abuse could lead to inpatient OD due to an increased tolerance to opioids among these patients leading to a dangerously narrow therapeutic to toxicity index, worse pain tolerance in these individuals, or abuse of the medication in the inpatient setting. However, it is important to note that there might be a bias for hospital coders to identify patients as having a history of substance abuse if the patient suffered an overdose during their hospital stay. Our sensitivity analysis reveals that excluding patients with codes for substance abuse does not impact our findings. Renal impairment also predicted postoperative OD, which is likely related to decreased clearance of these medications from the patients' blood. In addition, we found that female gender, age greater than 60 years, white race, higher socioeconomic status (measured in income), and mood disorders had an increased odds of postoperative OD. These findings agree with previous studies evaluating outpatient opioid OD risk factors. Specifically, a study by Wichmann et al 14 found that patients who present to the emergency room with an opioid OD are more likely to die from the OD if they are older. Other studies have found that patients with higher socioeconomic status (measured in education level), female gender, mood disorders, and those taking sedating medications have an increased risk of opioid OD outside the hospital. 15, 16 Interestingly, Periasamy et al 17 found that male gender was associated with significantly higher consumption of morphine after abdominal operations, which contrasts our findings that men are at a lower risk of postoperative OD. Perhaps the risk of postoperative OD in these subgroups is due to use of standard dosing for all patients, not considering medication interactions or difference in weight that might be present. Although hospital level variables were not predictive of postoperative OD, geographic location was predictive of OD. This finding could be due to regional variation in medical culture and the need to balance patient symptom management with patient safety.
Postoperative OD can have severe consequences including hypoxic brain injury and death. Our study found that postoperative OD patients have a 4-fold higher mortality rate and longer length of stay than those who do not have this complication after an elective major operation. A previous study of anesthesia malpractice claims found that 97% of adverse events leading to injury to the patient due to opioids are potentially avoidable with safety interventions. 6 Importantly, this study found that hospital characteristics are not predictive of postoperative OD; therefore, it is essential that safety interventions are implemented in all hospitals across the country to avoid these devastating outcomes.
Multiple interventions have been proposed to decrease opioid ODs at the systems, provider, and patient level. The information from this study should be used to raise awareness of this problem and target interventions to patients at greatest risk. The predictors of postoperative OD can be used to implement systems-level changes by notifying providers if they are caring for high-risk patients through the electronic medical record. Systems-level interventions utilizing this information might include standardization of policies and procedures for appropriate use of monitoring in high-risk patients using continuous pulse oximetry or capnography 18, 19 or creating alerts identifying unusually high doses of opioids prescribed or consumed. In addition, future work evaluating the effect of a hospital's Magnet status or the nurse/bed ratio may provide further information about the resources needed to safely monitor patients in the perioperative period. Provider-level interventions might include education on the increasing incidence of postoperative opioid OD, as well as use of opioid alternatives and safer opioid delivery systems (such as patient-controlled analgesia). [20] [21] [22] A recently published study found that patients reported significantly lower pain scores after colorectal surgery if the patient had received local anesthesia, nonsteroidal anti-inflammatory drugs, or patient-scontrolled analgesia. 23 Finally, informing patients of the negative outcomes associated with postoperative OD and discussing the need to weigh risks and benefits of postoperative pain control might allow for more realistic expectations of postoperative pain control, improving safety and satisfaction among patients.
The findings of this study must be interpreted with respect to important strengths and limitations. This study of the NIS database is a large, nationally representative sample of hospital data, and is the largest study describing postoperative OD to date. However, the NIS is an administrative database, and administrative databases have been found to have coding errors due to nonphysician ICD-9 coding techniques used in their creation. 24 These adverse event codes are most likely underreported in administrative databases. In addition, our definition of postoperative OD is relatively strict because an adverse respiratory event must be concurrently coded for patients who are identified as having an adverse event from opioids to be included as an OD; therefore, this study likely captures the most severe cases of postoperative OD. The prevalence of this complication may be much higher if a more liberal definition of postoperative OD is used. In addition, coding practices may vary between hospitals or in different geographic locations. We have tried to account for this by including hospital level variables (such as bed size, urban/rural location, and teaching status) and geographic region in our model, but this adjustment might be insufficient. Finally, the timing and location (ie, postanesthesia care unit vs surgical floor) of the OD and types of opioids and anesthetics used were not available in this database. Future studies exploring these factors may provide further insight into this problem and aide perioperative care providers in improving the safety of these patients.
Postoperative opioid OD in patients undergoing major elective surgery is rare, but the rate of this potentially fatal complication is increasing. The risks of postoperative OD must be weighed against the benefits afforded by adequate pain control in the postoperative setting. Identifying patients at highest risk for postoperative OD is imperative to ensure that appropriate monitoring is provided. Because almost all devastating injuries from postoperative OD are avoidable, early identification of this complication is crucial to allow providers time to intervene. Findings from this study should be used by all perioperative care providers to ensure that patient's discomfort is treated in an appropriate and safe manner.
